Backgrounds/Aims: To achieve complete anatomic hepatectomy in a large hepatocellular carcinoma (HCC), hepatic transection through an anterior approach is required. Liver hanging maneuver (LHM) is a useful procedure for transection of an adequately cut plane in anatomical liver resection. It may reduce intraoperative bleeding and transection time. Methods: We examined records of 27 patients with large HCC (over 10 cm in size) who underwent anatomic hepatic resection with LHM (n=11, between 2001 and 2007) or without LHM (n=16, between 2000 and. The two groups were retrospectively compared in terms of patient demographics, preoperative hepatic function, surgical records, and post-hepatectomy outcome. Results: Although transection time was not significantly different between the two groups, the amount of intraoperative blood loss was significantly lower in the LHM group than that in the non-LHM group (1,269±1,407 ml vs. 2,197±1,281 ml, p=0.039). Related blood transfusion or total operation time in the LHM group tended to be lower than those in the non-LHM group, although differences between the two groups were not statistically significant (p＜1.0). Prevalence of total complications in the LHM group tended to be lower than that in the LHM group (36% vs. 88%, p=0.011). However, prevalence of hepatectomy-related complications or length of hospital stay was not significantly different between the two groups. Conclusions: LHM can reduce intraoperative blood loss. It is useful for transecting adequately cut plane in a hepatectomy for a large HCC. However, postoperative outcomes are not improved by LHM compared to those by non-LHM. 
INTRODUCTION
Anatomic hepatic resection refers to the removal of a liver segment confined by Glissonian branches. Theoretically it is a logical procedure that can eradicate intrahepatic metastasis of hepatocellular carcinoma (HCC), minimize postoperative tumor relapse, and prolong survival of HCC patients.
1,2 To achieve complete anatomic resection in major hepatectomy, it is necessary to cut adequate portal pedicles to ensure sufficient exposure of hepatic veins. In such liver resection, transecting the liver parenchyma through an anterior approach without mobilizing the remnant liver is preferred because avoiding liver rotation has advantages of circumventing tumor dissemination and/or injury produced by compression of the remnant liver. 3, 4 However, it is sometimes difficult to achieve appropriate transection, particularly when liver tumor is large. A longer transection time may also increase blood loss.
Belghiti et al. 5 have proposed liver hanging maneuver (LHM) for right hepatectomy without liver mobilization using a tape inserted between the anterior surface of the vena cava and the liver. Lifting this tape allows easier parenchymal transection in the deeper site with good control of bleeding. Since its introduction by Belghiti et al., 5 LHM has gained worldwide popularity for major hepatectomy or hepatectomy, particularly for large-sized liver tumor or tumor invading surrounding tissues. [5] [6] [7] [8] Recently, this technique has been applied for various anatomical resections. 9, 10 According to recent development of hepatic transection, the deeper part seemed to be lifted. In a large-size HCC, the trunk of the Glissonian pedicle, including the intrahepatic vasculature and hepatic veins, is often severely compressed. Therefore, adequate transection plane may not be obtained during transection. Both transected and the remnant liver can be rotated toward the counterside by using LHM in the case of a large liver tumor during transection, 11 making it easier to transect the deeper parenchyma in the final step successfully. Thus, adequate transection might be achieved by using LHM even in such a large HCC. We hypothesized that LHM could provide an adequately cut plane, leading to minimal blood loss and/or reduced transection time.
To test our hypothesis, we retrospectively and historically examined surgical data in large-sized (＞10 cm) HCC of patients who underwent major hepatectomy and compared the parameters with those of patients who underwent liver resection with or without LHM.
MATERIALS AND METHODS
The study protocol for database access and review, ethics, and non-conflict of interests was approved by the Intraabdominal infection was defined as the presence of intraabdominal fluid with obvious infectious discharge or with septic systemic findings. Hepatic failure and hospital-stay death were not observed in this series.
Of 11 hepatectomies performed with LHM, nine were hemi-hepatectomies, one was extended hemi-hepatectomy, and one was right trisectionectomy. Of 16 non-LHM hepatectomies, eight were hemi-hepatectomies, seven were extended hemi-hepatectomies, and one was right trisectionectomy.
The surgical procedure included a J-shaped incision laparotomy (upper median plus right-sided transverse incision to the ninth intercostal space) which was performed in a basic manner. 13 The falciform ligament was cut to expose confluences of right, middle, and left hepatic veins as well as the anterior surface of the vena cava.
Mobilization of the remnant liver was not carried out in patients who underwent LHM. LHM was basically conducted according to the method described by Belghiti et al. 5 Briefly, the space between the right and middle hepatic veins (RHV and MHV, respectively) was dissected using a right-angled clamp. From this space, loose connective tissues between the anterior surface of the vena cava and the paracaval caudate lobe were dissected over a 3-cm length using a long right-angled clamp because short hepatic veins were absent in this space.
14 Subsequently, the space between the vena cava and infra-hepatic caudate process was dissected and a few short hepatic veins were divided. The loose tissue in this space was dissected using a long, light, and curved Kelly clamp.
A 10-Fr size nasogastric (NG) tube was inserted between the RHV and MHV. It was then passed easily through the dissecting space. 15 We completed tube insertion within approximately 20 min. After the insertion, the tube was lifted for LHM. The cut plane along the middle or umbilical fissure hepatic vein was then hung up by the tube (Fig.   1 ). For right trisectionectomy, the tube was repositioned between the confluence of the middle and left hepatic veins. It was then placed adjacent to the umbilical Glisson's pedicle at the hepatic hilum. As previously described, various anatomical resections are possible by tube re-positioning technique as described by Kokudo et al. 16 The transection method was similar between the two patient groups during the study period. Coagulation instruments were not used in our institute before 2008. Since 2008, hemostatic devices such as Ligasure Ⓡ and ultrasonic coagulation instruments have been used in both groups. 17 Hepatic transection was performed mainly combined with the crush clamping method. An ultrasonic dissector was used for dissection around main vessels at the hepatic hilum or inferior vena cava. 17 The hepatic inflow was intermittently occluded during transection using Pringle maneuver (15-minute occlusion and 5-minute de-clamping). 18 The LHM tube was always pulled up during transection.
The direction of the transection was always targeted toward the hanging tube. By maintaining the position of the tube, transection to the anterior aspect of the vena cava could be performed easily. 
RESULTS

Patient demographics
Demographic and surgical data with comparison between the LHM and non-LHM hemihepatectomy groups are summarized in Table 1 
Surgical records
Operative procedure, presence of thoracotomy, extent of hepatectomy, and the use of vena cava clamping and surgical devices were not significantly different between the two groups. Although transection time (almost equal to the time of clamping of hepatic blood inflow) was not significantly different between the two groups, the amount of intraoperative blood loss in the LHM group was significantly (p＜0.05) lower than that in the non-LHM group. Related blood transfusion time and total operation time in the LHM group tended to be lower than those in the non-LHM group, although differences between the two groups were not statistically significant (p＜0.10).
Postoperative outcomes
Comparison results for postoperative complications and outcomes between the two groups are summarized in Table 1 . Regarding postoperative complications, the prev- 
DISCUSSION
Since the report of LHM by Belghiti et al., 5 it has been widely applied in liver resection. [5] [6] [7] [8] [9] [10] [11] [20] [21] [22] [23] [24] In hepatic malignancy, mobilization or rotation of the resected liver with a liver tumor should be avoided to prevent tumor dissemination during operation. 23 In patients with a large tumor or a tumor that invades adjacent organs, anterior liver transection through the LHM procedure is preferred.
Hepatic vein transection or combined resection of invasive parts can be done in the final step after complete transection to the front of the vena cava. Once the tape or tube is placed at the retrohepatic space on the vena cava, transection in the deeper part or near the trunk of the hepatic veins can be safely performed because the lifting tape is always detected as a marker of an adequate transection plane. Thus, injury to tiny branches of the hepatic vein or short hepatic vein can be reduced. Kokudo et al. 16 have proposed a gradual tape-repositioning technique in cases of living liver donation. In this technique, the tape is inserted by passing it between Glisson's pedicle and liver parenchyma. We prefer to use this re-positioning technique of LHM in right trisectionectomy or left hemihepatectomy by placing the tape between the middle and left hepatic veins. Through this technique, LHM can be applied in various anatomical resections. 9, 10, 25 We have already published a case report as a preliminary trial of LHM in trisectionectomy for a huge liver tumor. 26 In this study, we performed retrospective analysis for 11 patients with large-sized HCC who underwent hepatic resection with LHM.
In the present study, we compared clinical parameters and outcomes between LHM and non-LHM groups for large HCC in a non-random fashion. The decision to use LHM actually depended on the first author during the study period. As shown in Table 1 , background or preoperative liver functional reserve of HCC patients in both groups was not significantly different in our series, although the period of using LHM was different. Surgical records showed that LHM was used to reduce blood loss in particular, as stated in a previous report. 11 However, most cases did not receive this useful procedure. We now apply caval semi-clamp in case the cut plane is set along hepatic veins or the tumor located adjacent to the hepatic vein. Therefore, related blood transfusion tended to be reduced. This was decided by the anesthesiologist in this series. In the present study, the significantly decreased time required for hepatic parenchymal transection in the LHM group is currently unclear.
The operating time tended to be shorter in the LHM group than that in the non-LHM group, similar to reports of previous studies. 27, 28 Although additional time was required to prepare for LHM, our analysis showed that total operating time was actually saved. It has been reported that the required time for dissection around resected liver can be saved by an anterior approach using LHM. 29 Difference in transecting devices might not influence surgical records because of their powerful shielding ability. We believe that the most important advantage of LHM is that it helps confirm the appropriately cut plane during transection in large HCC or other expanding liver tumors. 27 Because the tape is placed adjacent to the hepatic vein, appropriate transection could be accomplished by LHM when the first cut-line is appropriately obtained. Due to the limited number of hepatectomy for large HCC (over 10 cm) in the present study, we cannot make firm conclusions regarding the usefulness of LHM based on present results of postoperative outcomes at this stage.
However, LHM seems to be useful for hepatic transection along the hepatic vein even in case of compression by a large HCC. Further study using a larger number of patients would be necessary to clarify the utility of LHM.
In summary, we examined the suitability of LHM for major hepatectomy in large-sized HCC through a retrospective cohort study. The use of LHM reduced intraoperative blood loss and tended to decrease red cell transfusion or shorten the operating time. LHM can be applied to transection at adequate cut plane in large-sized HCC.
However, the prevalence of hepatectomy-related complications or hospital stay was not improved by LHM.
Further study is needed to clarify the utility of LHM.
